INTRODUCTION
Uncertainty shapes many decisions made by clinicians everyday and is so ubiquitous that physicians must learn to tolerate ambiguity if they are to provide quality care to patients who suffer from complex conditions. [1] [2] [3] [4] Medical uncertainty can have several sources: limited medical knowledge, unpredictability of the natural course of disease and of the patients' response to treatment, and variability in the physicians' and patients' values and attitudes toward risk. 1, [5] [6] [7] [8] [9] [10] [11] The discovery that medicine is an uncertain science typically starts in medical school. 12 Young physicians in training may be unsure about their knowledge and skills or whether the relevant knowledge exists to begin with, and they may be unable to distinguish between the two. 13, 14 For practicing physicians, technical uncertainty caused by inadequate scientific data, personal uncertainty that arises from not knowing patients' wishes, and conceptual uncertainty due to the difficulty of applying abstract criteria to concrete situations have been described. 3, 15 Thus, both uncertainty and the doctors' inability to handle it may result in substandard care 3, 16 and cause unexplained variations in patterns of care. 1, 3, 9, 17 Medical care uncertainty can also affect physicians' work-related satisfaction. In a survey of 1,755 Swiss primary care physicians, an increased level of self-reported stress due to medical care uncertainty was associated with a higher risk of burnout 18 that can result in decreased job performance, lower career satisfaction, [19] [20] [21] and lower quality care. 22 Despite the importance of uncertainty in medical care, studies including physicians from all medical specialties from graduation to retirement have not been reported. Furthermore, the importance of uncertainty as a correlate of physicians' work-related satisfaction, an important indicator of quality care, has never been studied. In this paper, we used the data from a population-based survey of physicians practicing in Geneva, Switzerland, including physicians in training, to explore the relationship between physicians' reactions to medical care uncertainty and socio-demographic and professional characteristics including work-related satisfaction.
METHODS

Context
In Switzerland, medical students can enroll in 1 of 5 medical schools, for a 6-year graduate program. Having obtained their medical degree, most physicians initiate postgraduate training, which lasts 5-8 years. Residency programs in General Medicine, General Internal Medicine, Pediatrics, and Psychiatry last 5 years, in general. Internal Medicine Specialists and Surgical Specialists have longer training. Most doctors then go into private practice in the community.
Sample and Study Design
We conducted a mail survey of all physicians practicing in canton Geneva, Switzerland, during the autumn of 1998. Physicians were identified from membership files of the Geneva Medical Association (1,370 members) and the Swiss Association of Interns/Registrars, Geneva Section (906 members). After exclusion of 54 duplicate records, 10 pretest participants, 97 doctors who had incorrect addresses, and 121 who did not practice clinical medicine, 1,994 physicians remained eligible.
Most members of the Geneva Medical Association work in the private sector, either in solo or group practice, and are paid on a fee-for-service basis. A minority of the physicians work in private clinics or are salaried in a medical center. Members of the Swiss Association of Interns/Registrars are mainly salaried junior physicians working at the single public hospital of Geneva. Senior staff at the public hospital can belong to either association.
Measurement of Reaction to Medical Care Uncertainty
Reaction to medical care uncertainty was measured with two scales derived from the Physicians' Reactions to Uncertainty instrument, 7, 23, 24 the Anxiety Due to Uncertainty and Concern About Bad Outcomes scales (Appendix 1). These scales had a high internal reliability (Cronbach α 0.86 and 0.73, respectively) and were designed to measure mutable physician attitudes about uncertainty. We chose it over other scales designed to measure uncertainty, such as the Tolerance for Ambiguity scale, 6 which measures personality traits rather than attitudes.
Attitudes may change with experience, education, or environment, 16 while personality trait are believed to be immutable.
We translated these scales into French using a standardized procedure including three independent translations, selection of a consensus translation by an expert panel, and pretests among 10 physicians (Appendix 1). The items were rated on a 5-point Likert scale anchored by 1: totally disagree and 5: totally agree. Scores of negatively worded items were reversed so that a higher score would mean greater anxiety due to uncertainty or concern about bad outcomes. The internal consistency of the translated scales were similar to that of the original scales (Cronbach α 0.81 and 0.67, respectively).
Determinants of Medical Care Uncertainty
Physicians' characteristics included socio-demographic characteristics (age, sex), professional experience (time since graduation from medical school), type of training (board-certification, medical specialty), type of practice (community vs hospitalbased), and workload (number of patients per week).
Work-related satisfaction was measured by a locally developed and validated 17-item instrument 25 based on the main component of work satisfaction identified by qualitative research of the Society of General Internal Medicine Career Satisfaction Study Group. 26 These items addressed five dimensions of work-related satisfaction: "patient care", "work-related burden", "income-prestige", "personal rewards", and "professional relations" (Appendix 2). These five dimensions were identified based on an exploratory factor analysis, using principal component analysis with varimax rotation, and they captured 67% of the total variance in physician responses. These subscales had satisfactory internal consistency (0.76, 0.79, 0.83, 0.71, and 0.66, respectively). A single item was also used to reflect general work satisfaction. Respondents rated the items using a 7-point Likert scale anchored by 1: extremely dissatisfied and 7: extremely satisfied.
Data Analysis
Descriptive statistics were calculated for each item of the Anxiety Due to Uncertainty and Concern About Bad Outcomes scales (mean, standard deviation, quartiles, number missing).
For each scale, a summary score was calculated by averaging the responses whenever at least half or more of the items were present. Both uncertainty scores were rescaled between 0 and 100 using a linear transformation, where 0 corresponded to the lowest level and 100 to the highest. For the five satisfaction scales, scores were constructed by averaging items in each scale whenever at least half or more of the items were present. Thus, scale scores ranged from 1 to 7 with greater scores corresponding to greater satisfaction. First, we studied the relationships of anxiety due to uncertainty and concern about bad outcomes across sociodemographic and job characteristics of the respondents using analysis of variance (ANOVA) for categorical variable. In ANOVA, the between-group variance can be partitioned into 2 components: the linear trend (1 df) across the categories and the deviation from linearity (for k groups, k-2 df). The linear trend test is equivalent to doing a linear regression model with the group number entered as a continuous covariate. Because clinical experience has been reported as an important determinant, 24 we defined 6 categories based on time since graduation from medical school, board-certification, and type of practice: hospital-based physicians in training for less than 4 years, in training for over 4 years, or completed training (board-certified), and community-based physicians in practice 4 years or less, 5 -10 years, or 11 years or more. We also studied the relationship with workload, using self-reported number of patients per week categorized into 4 groups ( < 26, 26 -50, 51 -75, > 75). To adjust for confounding, significant factors in the univariate analysis were used to compute adjusted means using general linear models. In multivariate analysis, we first ran a multi-way ANOVA to obtain adjusted means. Then, to obtain linear trend tests, we treated ordinal factors as continuous covariates, one at a time. We also tested whether hospital-based physicians would differ from community based-physicians using an interaction term between medical specialty and hospital-based practice. Age was not included in the regression models due to colinearity with clinical experience.
Second, we explored the relationship between uncertainty and work-related satisfaction and computed mean scores of Anxiety Due to Uncertainty and Concern About Bad Outcomes scales across tertiles of all dimensions of work-related satisfaction, adjusting for other factors significantly associated with reactions to uncertainty based on the preceding analysis. ANOVA and test for linear trends were used to evaluate these associations.
Finally, we explored graphically whether the relationship between work-related satisfaction (using a T-score based on all 17 items) and uncertainty scores would vary across levels of socio-demographic and professional characteristics using scatter-plots. To avoid the assumption of linearity, we applied nonparametric regression lines (LOWESS). 27 All statistical analyses were performed with SPSS (Statistical Package for Social Sciences, version 11.0). All statistical tests were two-tailed, with a significance level of .05. We did not adjust for multiple comparisons because we thought it would not improve statistical inference in this work. 28 Instead, we preferred to provide adjusted 95% confidence intervals around our estimates.
RESULTS
After the first mailing and two reminders, 1,184 physicians (59%) responded to the survey. Seven hundred eighty-four (66%) were men, and their mean age was 44.9 years (SD: 10. 
Characteristics Associated with Reactions to Uncertainty
In univariate analysis, women physicians had greater anxiety due to uncertainty and concern about bad outcomes (Table 2) . Clinical experience was also strongly associated with scores on both scales: physicians in early stages of their careers had substantially higher scores than physicians in later stages of their careers. With regard to Medical Specialties, Psychiatrists and Internal Medicine Subspecialists (e.g., Cardiologists, Gastroenterologists) had the least anxiety and concern about bad outcomes, and technical specialists (e.g., Surgeons, Anesthesiologists) and Generalist Physicians (especially noncertified practitioners) had the greatest anxiety and concern about bad outcomes. Of interest, workload was also associated with greater anxiety and concern about bad outcomes. In multivariate analyses, sex, medical specialty, and workload remained significantly associated with both scores. The association with clinical experience remained significant only for concern about bad outcomes (Table 2 ). In addition, hospital-based physicians tended to have lower scores than community based doctors, but these differences were only significant for General Internists and General Practitioners and were no longer significant after adjusting for sociodemographic and professional characteristics.
Relationship between Reaction to Uncertainty and Work-Related Satisfaction
Scores on the Anxiety Due to Uncertainty scale were statistically associated with all dimensions of work-related satisfaction (Table 3) . For Concern About Bad Outcomes, only the dimensions of patient care and personal rewards displayed a strong association; a weak association was found for professional relations and general satisfaction. We further examined the association between reaction to uncertainty and workrelated satisfaction graphically across levels of socio-demographic and professional characteristics. For levels of clinical experience, we found that the negative linear association was much steeper for hospital-based doctors in training (Fig. 1) . We tested this impression in a linear regression model including Summary scores were calculated whenever responses for 3 or more items were present and then rescaled to range from 0 and 100, where 0 corresponded to the lowest anxiety due to uncertainty level. †Scale scores were calculated whenever responses for 2 or more items were present and then rescaled to range from 0 and 100, where 0 corresponded to the lowest concern about bad outcomes level. ‡Scales scores were calculated whenever responses for half or more items were present. Scores were averaged across the number of items in each scale so all scale scores range from 1 to 7 with higher scores indicating greater satisfaction.
reaction to uncertainty scores and clinical experience dichotomised into 2 categories (in training vs others), as predictors of work-related satisfaction. The interaction term between uncertainty scores and clinical experience was statistically significant for anxiety due to uncertainty (P =.04), but not for concern about bad outcomes (P =.14), indicating that the effect of anxiety due to uncertainty on work-related satisfaction was more important for doctors in training. In addition, we found that physicians who saw many patients per week reported lower stress from uncertainty-an association that has not been previously reported. Possibly, physicians who cope with uncertainty better spend less time considering alternative diagnoses and courses of action, and are thus able to see more patients. Conversely, it may be the greater clinical experience accumulated by seeing many patients that reduces the physicians' stress from uncertainty. Because of the cross-sectional nature of our study, we cannot determine the direction of causation based on our data.
DISCUSSION
Furthermore, we observed a significant relationship between anxiety due to uncertainty across tertiles of all dimensions of work-related satisfaction, with differences of approximately half a standard deviation in medical care uncertainty. This is also the first study to report such a strong relationship, highlighting the importance of physicians' reactions to uncertainty in medical care. Again, we cannot establish the direction of causality from this study, but it seems far more likely that higher stress from uncertainty would cause professional dissatisfaction than the opposite.
Finally, the association between anxiety due to uncertainty and work-related satisfaction was stronger for physicians in training. Indeed, higher levels of anxiety due to uncertainty were associated with differences in work-related satisfaction of approximately 1 SD. Two basic explanations may underlie this finding: the amount of uncertainty may decrease as the physician advances in his or her clinical training and accumulates knowledge and clinical skills, or the physician learns All scores are adjusted for sex, age, clinical experience, medical specialty, and workload (self-reported number of patients per week). 
Limitations and Strengths
The main weakness of our study was its cross-sectional design, which precludes a definitive evaluation of temporal precedence and causality of the observed associations. Another limitation was our exclusive reliance on self-reported rating scales, which raises the issue of systematic positive or negative response tendencies. Finally, as our data had been collected in 1998, it is possible to argue that our results may not be applicable today because of changes in medical studies or postgraduate training. We believe that this is unlikely because recent changes did not introduce specific training to deal with medical care uncertainty. On the positive side, our results were obtained among a large unselected sample of physicians. The participation rate was acceptable, and the large number of respondents allowed us to explore even fairly weak associations with several determinants of uncertainty. Finally, the French translation of the scales, initially developed by Gerrity, 7 retained their psychometric properties.
CONCLUSION
We found new correlates of physicians' reaction to uncertainty in medical care including its relationship with work-related satisfaction. Physicians who were in training experienced the greatest impact of anxiety due to uncertainty on their workrelated satisfaction. Incorporating explicit strategies to deal with uncertainty into residency training curricula may be a useful next step 2, 29 and should be evaluated quantitatively with appropriate measures. Further studies should also concentrate on the link between reactions to uncertainty and patient outcomes to establish to what extent it could affect quality of care, particularly in primary care.
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